Introduction Patients with chronic kidney disease (CKD) are at heightened cardiovascular risk, which has been associated with abnormalities of bone and mineral metabolism. A deeper understanding of these abnormalities should facilitate improved treatment strategies and patient-level outcomes, but at present there are few large, randomised controlled clinical trials to guide management. Positive associations between serum phosphate and fibroblast growth factor 23 (FGF-23) and cardiovascular morbidity and mortality in both the general and CKD populations have resulted in clinical guidelines suggesting that serum phosphate be targeted towards the normal range, although few randomised and placebocontrolled studies have addressed clinical outcomes using interventions to improve phosphate control. Early preventive measures to reduce the development and progression of vascular calcification, left ventricular hypertrophy and arterial stiffness are crucial in patients with CKD. Methods and analysis We outline the rationale and protocol for an international, multicentre, randomised parallel-group trial assessing the impact of the noncalcium-based phosphate binder, lanthanum carbonate, compared with placebo on surrogate markers of cardiovascular disease in a predialysis CKD populationthe IMpact of Phosphate reduction On Vascular Endpoints (IMPROVE)-CKD study. The primary objective of the IMPROVE-CKD study is to determine if the use of lanthanum carbonate reduces the burden of cardiovascular disease in patients with CKD stages 3b and 4 when compared with placebo. The primary end-point of the study is change in arterial compliance measured by pulse wave velocity over a 96-week period. Secondary outcomes include change in aortic calcification and biochemical parameters of serum phosphate, parathyroid hormone and FGF-23 levels. Ethics and dissemination Ethical approval for the IMPROVE-CKD trial was obtained by each local Institutional Ethics Committee for all 17 participating sites in Australia, New Zealand and Malaysia prior to study commencement. Results of this clinical trial will be published in peerreviewed journals and presented at conferences. trial registration number ACTRN12610000650099.
IntrOduCtIOn 'Chronic kidney disease-mineral bone disorder' (CKD-MBD) has been accepted terminology in nephrology research and clinical practice for more than a decade. This clinical entity encompasses intimately related abnormalities of mineral homeostasis, bone turnover and mineralisation, and vascular and soft tissue calcification, which are almost universal in patients with advanced CKD. CKD-MBD is a complex and strengths and limitations of this study ► Largest cohort and longest in duration for randomised, placebo-controlled trial of phosphate binders in non-dialysis chronic kidney disease (CKD) population. ► Assesses potential effects, yet to be determined, of phosphate lowering on arterial compliance and vascular calcification in patients with CKD. ► Avoids exogenous calcium load by using non-calcium-based phosphate binders in blinded fashion to inform clinical guidelines lacking strong evidence for phosphate control. ► Will provide valuable information regarding relationship between phosphate, fibroblast growth factor 23 and arterial compliance and calcification in CKD. ► Limitations include potential difficulty in recruitment of large CKD population to assess thrice-daily phosphate binders, and possible lack of adherence to study medication over a 96-week period.
Open access evolving area for which international clinical guidelines have been published to provide suggestions and recommendations on management. 1 Just as importantly, these guidelines highlight the paucity of clinical studies supporting suggested biochemical targets, and the lack of evidence-based treatment strategies aimed at reducing the risks of fracture, cardiovascular disease and mortality or improving quality of life for individuals with CKD.
Patients with CKD have significantly increased risks of cardiovascular disease and all-cause mortality compared with the general population, 2 and traditional and CKD-specific risk factors contribute to this risk. 3 Abnormalities of bone and mineral metabolism, and in particular abnormal values of serum phosphate, calcium, parathyroid hormone (PTH) and fibroblast growth factor 23 (FGF-23), are considered important; however, few strong recommendations for treatment of these values exist beyond normalising serum phosphate and lowering PTH to an indeterminate target. 1 Minimising exogenous calcium through reducing exposure to calcium-based phosphate binders within the CKD population has also been suggested as beneficial, citing meta-analyses showing mortality benefits of non-calcium containing phosphate binders over calcium-based binders, 4 5 but placebo-controlled studies are lacking.
While observational studies show associations between higher serum phosphate levels and worse clinical outcomes, causality has never been demonstrated. Serum phosphate provides a poor measure of overall phosphate balance or the risk of soft tissue calcification in patients with CKD, and benefits of phosphate lowering are yet to be demonstrated. Whether a target level of serum phosphate will assist in attaining improved outcomes remains controversial and no randomised controlled trial (RCT) to date has proved that lowering extracellular phosphate improves clinical outcomes. The IMPROVE-CKD (IMpact of Phosphate Reduction On Vascular Endpoints in Chronic Kidney Disease) study is a placebo-controlled RCT assessing the potential effects of lanthanum carbonate, a non-calcium-based phosphate binder, on surrogate markers of cardiovascular disease in patients with CKD. Here, we discuss the rationale and study design of this important trial.
rationale for a clinical trial Epidemiological studies in the general population and in patients with CKD have consistently shown that serum phosphate levels within and above the upper normal range are independently and positively correlated with all-cause mortality. 6 In patients with CKD, cardiovascular mortality, arterial stiffness and progression of renal impairment have also been correlated with higher serum phosphate. 7 8 Positive phosphate balance is known to contribute to rising PTH and FGF-23 values, which in turn, have also been associated with adverse clinical outcomes. 9 10 Thus, it is biologically plausible that therapeutic strategies aimed at reducing phosphate balance and serum phosphate values in patients with CKD might be beneficial. Dietary phosphate absorption is one modifiable determinant of phosphate balance and pilot studies that have evaluated phosphate binders, low phosphate diet or nicotinamide (which inhibits intestinal sodium-dependent phosphate cotransport) in patients with CKD have shown a reduction of dietary phosphate absorption, serum phosphate and FGF-23 levels. 11 However, evidence for the benefit of such strategies on surrogates for cardiovascular disease or for CKD progression remains elusive.
Abnormal mineral metabolism, with alterations in the regulation of calcium, phosphate and FGF-23, is also associated with the development of vascular calcification. 12 Although mechanisms leading to vascular calcification are incompletely understood, hypotheses include a maladaptive repair response to vascular and endothelial damage, 13 and enhancement of concentration-dependent calcium-phosphate precipitation and extracellular matrix deposition due to elevated phosphate levels. Studies also report coronary artery calcification associated with elevated FGF-23 values independent of serum phosphate, 10 14 although this association is not a consistent finding. 15 In addition to abnormalities of mineral metabolism, exogenous calcium has been associated with the development and progression of vascular calcification in patients with CKD. A meta-analysis of phosphate binders by Jamal et al, analysing 14 RCTs, reported a reduction in mortality associated with the use of non-calcium containing phosphate binders. 4 A more recent meta-analysis of 25 eligible studies showed a reduction in all-cause mortality with sevelamer versus calcium-based binders. 5 This difference is potentially related to a positive calcium balance in patients prescribed calcium-based phosphate binders leading to increasing vascular calcification. Another meta-analysis reviewed the individual contribution of available non-calcium-based phosphate binders, and reported that current data are more robust for sevelamer than for lanthanum or iron-based binders. 16 The recently updated Kidney Disease Improving Global Outcomes (KDIGO) CKD-MBD Guidelines 17 highlighted the lack of trial data demonstrating that lowering serum phosphate improved patient-centred outcomes. In fact, the evidence for any phosphate-lowering intervention is only based on epidemiological studies and biological plausibility. Although several recent historical cohort analyses (DOPPS, ArMORR and COSMOS) suggested that the prescription of phosphate binders to dialysis patients improved survival, [18] [19] [20] these reports were not included in the evidence review for the updated KDIGO Guidelines. However, a recent RCT comparing calcium and non-calcium-based phosphate binders with placebo in 148 patients with CKD stages 3-4 21 was included in the guideline update review and reported a minimal reduction of serum phosphate in the active treatment groups, no overall effect on FGF-23 and increases in coronary artery calcification for the combined phosphate binder groups (predominantly associated with the calcium-based binder arm).
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Similarly, two placebo-controlled RCTs of phosphate-lowering in predialysis CKD have also failed to support the benefit of phosphate lowering in this population (table 1). Chue et al found no significant differences between sevelamer and placebo with regard to left ventricular mass, systolic and diastolic function or pulse wave velocity (PWV) in 109 patients with CKD after 40 weeks, although only 56% of subjects took ≥80% of the prescribed therapy. 22 In the adherent subgroup, treatment with sevelamer was associated with lower urinary excretion of phosphate and serum FGF-23, although binder use was not associated with cardiovascular outcomes of interest such as left ventricular hypertrophy or arterial compliance. In a smaller study of 38 CKD patients, Seifert et al reported no differences between lanthanum or placebo over 12 months with respect to serum or urinary phosphate, or surrogate cardiovascular markers of PWV, carotid artery intima-media thickness or vascular calcification. 23 These results question the efficacy and safety of phosphate binders in this population and the updated KDIGO guidelines have amended a previous recommendation statement to maintain serum phosphate in the normal range for patients with CKD stages 3-5 to now suggest that treatment should focus on patients with overt hyperphosphatemia, although this recommendation is still based on weak clinical evidence.
Currently, there are two relevant RCTs in progress (table 1) . The COMBINE (CKD Optimal Management With BInders and NicotinamidE) study assesses the effects of lowering serum phosphate and FGF-23 levels in patients with CKD stages 3-4. 11 This study aims to recruit 200 participants and evaluate the use of nicotinamide and lanthanum carbonate in a double-blind, placebo-controlled trial over 12 months. The primary aim of COMBINE is the safety and biochemical efficacy of these phosphate-lowering agents, although assessments of circulating biomarkers of bone and mineral metabolism and MRI of intermediate measures of cardiovascular disease will also be measured. Enrolment for this RCT began in 2015 with results expected in 2018. We have also commenced a large multicentre RCT, the IMPROVE-CKD study, to investigate the role of phosphate binders in early stages of CKD. This trial, conducted over a longer period and with a larger cohort, aims to assess potential effects of phosphate lowering on arterial compliance, vascular calcification and left ventricular mass.
OVErVIEw Of thE IMPrOVE-CKd study study aims
The primary objective of the IMPROVE-CKD study is to determine if use of the non-calcium-based phosphate binder lanthanum carbonate reduces the burden of cardiovascular disease in patients with CKD stages 3b and 4 when compared with placebo. The primary end-point of the study is change in arterial compliance measured by PWV over a 96-week period. Secondary outcomes include change in aortic calcification and biochemical parameters of serum phosphate, PTH and FGF-23 levels. study design, setting and participants The IMPROVE-CKD study is an investigator-led, prospective, double-blind, randomised placebo-controlled parallel-group trial. Figure 1 demonstrates the overall study design.
The IMPROVE-CKD study includes patients from 17 nephrology sites in Australia, New Zealand and Malaysia with CKD stages 3b and 4, aged over 18 years old and who have a serum phosphate level over 1.00 mmol/L (3.10 mg/dL) on at least one occasion in the 6 months prior to randomisation (box 1). Patient recruitment commenced in 2012, with a plan to enrol 488 participants for a 96-week study period. During the recruitment phase of the study, changes were made to the inclusion and exclusion criteria in order to improve feasibility and Open access generalisability of the trial. The changes and rationale are documented in table 2.
Experimental intervention
Lanthanum carbonate (Fosrenol) is a commercial product of Shire Pharmaceuticals for the treatment of hyperphosphatemia. 24 On ingestion, lanthanum ions are released from the carbonate as a result of gastric acid secretion in the upper gastrointestinal tract and bind to dietary phosphate. The compound lanthanum phosphate is insoluble and lanthanum carbonate has been shown to effectively reduce the absorption of dietary phosphate in the CKD population. In comparison to calcium-based phosphate binders, lanthanum carbonate has additional benefits of reduced incident hypercalcemia. 25 Lanthanum has been studied in both predialysis and dialysis patients, with significant reduction in serum phosphate in both patient groups.
The long-term safety of lanthanum carbonate in patients with CKD has been reported, with randomised prospective studies revealing no evidence of bone accumulation or liver toxicity, 26 27 and after more than 850 000 person-years of worldwide patient exposure, there is no evidence that lanthanum carbonate is associated with adverse safety outcomes in CKD patients. 26 treatment randomisation Participants are randomised 1:1 to two arms involving lanthanum carbonate 500 mg three times daily with Open access meals or matching placebo three times daily with meals for 96 weeks. Study medication is uptitrated by local investigators to a total dose of six tablets daily (3000 mg/ day lanthanum carbonate) if serum phosphate remains persistently greater than 1.60 mmol/L (4.95 mg/dL). Randomisation is by a covariate-adaptive algorithm minimising imbalance across treatment arms in age, presence of diabetes, study site and CKD stage and implemented via web-based access to a central electronic randomisation system provided by The George Institute in Sydney, Australia.
study procedures
Patients who meet the eligibility criteria and provide written informed consent undergo a baseline visit. A site screening log records the number of participants screened who are potentially eligible to participate and the reasons for ineligibility and for non-participation if eligible. Potentially eligible participants already receiving a phosphate binder at screening undergo a 2-week washout period before attending the baseline visit. Tables 3 and 4 outline the study schedule visits and laboratory outcome measures for the 96-week trial. Pill counts will be undertaken at study visits to assess adherence to study medication.
Use of concomitant medications in this study will be as per standard of clinical care. Oral vitamin D administration, both 1,25 dihydroxy vitamin D (calcitriol) and nutritional vitamin D (cholecalciferol), is allowed and can be prescribed at the discretion of the treating physician. Calcitriol may be administered to study patients to treat secondary hyperparathyroidism or hypocalcemia as indicated, with a maximal dose of 0.25 mcg (one tablet) per day.
In addition to the maximal titrated study medication, calcium, magnesium or aluminium-based phosphate binders can be prescribed for persistent hyperphosphatemia at the discretion of the local investigator (recommended for progressive or persistent serum phosphate levels>1.60 mmol/L); and because these are the only available phosphate-lowering agents for predialysis CKD patients in Australia, New Zealand and Malaysia, this trial will have no potential drop-ins.
The IMPROVE-CKD study is being overseen by the Trial Steering Committee and centrally coordinated 
Protocol amendment
Initial inclusion criteria were urine albumin/creatinine ratio (ACR)>10 mg/ mmol or protein/creatinine ratio (PCR)>15 mg/mmol. These criteria were subsequently removed.
Inclusion criterion was initially for serum phosphate level>1.2 mmol/L (3.72 mg/dL) at screening, but was changed to>1.2 mmol/L on at least one occasion over the previous 6 months. The serum phosphate level was then subsequently reduced from>1.2 to>1.0 mmol/L (3.10 mg/dL) on at least one occasion over the previous 6 months.
Exclusion criterion was added as inability to obtain a PWV measure.
Rationale for change
The initial introduction of these criteria was to increase the proportion of CKD 3b/4 subjects who were at greater risk of cardiovascular disease as well as increased risk of progression of renal impairment. Review of screening logs showed that albuminuria/proteinuria were the the most common exclusion criteria; therefore, these were removed as they were not considered essential, posed a significant impediment to recruitment and the population for recruitment was already deemed at increased cardiovascular risk regardless of albuminuria/proteinuria. Also, for this study, pulse wave velocity (PWV) is the primary surrogate endpoint and there is only one publication which links albuminuria/proteinuria to PWV, so this association is not considered significant. 46 The window for serum phosphate results to screen eligible patients was initially changed to be within the previous 6 months due to fluctuations above and below levels of 1.2 mmol/L. This change was made to improve study recruitment by broadening the population of suitable participants. Trial screening log review continued to show that this inclusion criterion was a major barrier to patient eligibility for the study and therefore the level was reduced to 1.0 mmol/L. This change was not thought to adversely affect the study outcomes because although the study is using a phosphate binder as an intervention, the primary purpose of the study is the attenuation of cardiovascular outcomes. A lower phosphate level was added as an exclusion criterion to ensure that patients with very low phosphate levels are not included into the study where further phosphate reduction may adversely affect their health.
As the trial progressed, a small percentage of the population was noted on whom a PWV reading could not be obtained. This was therefore added as an exclusion criterion in order to ensure the power of the study is not compromised by including individuals whose PWV is unattainable at screening. It is increasingly recognised that even for experienced operators, there is a small percentage of the population on whom PWV cannot be obtained. This has been documented on other studies. [47] [48] [49] IMPROVE-CKD, Impact of Phosphate Reduction On Vascular End-points in CKD.
Open access by the Australasian Kidney Trials Network (AKTN) (online supplementary appendix). The safety of participants is overseen by an independent Data Safety Monitoring Board (DSMB, online supplementary appendix). Participants, investigators, the AKTN coordinating centre staff and outcome assessors are all blinded to the treatment assignment in the IMPROVE-CKD study. Any serious adverse event will be reported to the AKTN within 1 working day of investigators becoming aware of the event; and investigators will be required to report any adverse event leading to discontinuation of the study drug. Monitors from the AKTN will review patients' records regularly to ensure that all end-points and serious adverse events will be reported. The DSMB will assess unblinded data to safeguard participant interests and enhance the integrity of the trial.
Primary outcome
The primary outcome of the IMPROVE-CKD study is change in large arterial compliance (as measured by carotid-femoral PWV) at 96 weeks after randomisation to lanthanum carbonate or placebo. Hyperphosphatemia has been associated with reduced arterial compliance and multiple studies have reported a positive relationship between serum phosphate and PWV. 8 28 PWV has been used to measure arterial compliance and is considered to be a valid surrogate for cardiovascular morbidity and mortality. 29 30 PWV also correlates with CKD stage and increases as CKD progresses. 31 32 In the IMPROVE-CKD study, arterial compliance is being measured using a SphygmoCor device (AtCor, PWV, Westmead, Sydney, Australia) with determination of carotid-femoral PWV. Carotid-femoral PWV measures the interval between pulse waves at the carotid and femoral arteries, with higher values representing stiffer vessels. In studies of patients with CKD, mean interobserver and day-to-day reproducibility of PWV measurements have been reported to be acceptable, with differences of 0.3±3.2 m/s and −0.7±1.9 m/s in some studies. 33 Pulse wave analysis is also being measured using augmentation index (AI) by the SphygmoCor device as an additional outcome. AI represents the difference between early and late systolic peaks of the systolic pulse wave contour, divided by pulse pressure (%). All PWV and AI readings will be reviewed at a central cardiac laboratory by trained study investigators blinded to patient details and study medication.
secondary outcomes Vascular calcification
Abdominal aortic calcification is being determined using CT at baseline and 96 weeks in the IMPROVE-CKD study. If patients exit the study after 12 months, they will be invited to have an early exit CT scan. Aortic calcification is estimated to be present in approximately 60% of patients with CKD stages 4 and 5, and increases in those on dialysis, with progressive disease related to dialysis vintage. 34 Aortic calcification is related to the presence of other vascular disease, as well as to serum phosphate and PTH levels. There is an association of aortic calcification and arterial compliance, with correlations between calcium scoring via CT and PWV. 28 CT images will be centrally reviewed for calcification scores by a trained radiologist and radiographer blinded to patient details and study medication.
Left ventricular hypertrophy PWV has been associated with increased left ventricular mass and the development of diastolic dysfunction in hypertensive patients. 35 However, left ventricular mass has also been associated with the development of hyperphosphatemia independent of PWV. 7 In the IMPROVE-CKD study, cardiac MRI, the gold standard to evaluate the development of left ventricular hypertrophy, is being used to measure left ventricular mass on a subcohort of participants at baseline and 96 weeks. If a patient exits the study after 12 months, they will be invited to have an exit MRI. MRI images will be centrally reviewed by cardiologists trained in cardiac MRI and blinded to patient details and study medication.
Biochemical parameters
Serum phosphate, calcium and PTH are being assessed at individual sites throughout the 96-week study period. FGF-23 is being measured 6-monthly using intact and c-terminal FGF-23 assays and will be centrally analysed. *If participants withdraw from the study after 12 months and prior to 24 months, they will be requested to do a 'close-out' CT and MRI scan. Some sites will also perform additional MRI scans to investigate diastolic dysfunction. †For participants enrolled in the dietary component of the study. ADRs, adverse drug reactions; IMPROVE-CKD, Impact of Phosphate Reduction On Vascular End-points in CKD; SAEs, serious adverse events.
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Changes in urinary phosphate excretion are also being evaluated using 24-hour urine collections. Standard biochemical measurements are being performed in hospital laboratories with appropriate regulatory accreditation to monitor for adverse reactions. Serum and urine samples will also be collected at several time points for exploratory analyses.
Dietary phosphate
A dietary substudy is included within IMPROVE CKD, to analyse daily dietary phosphate intake using a questionnaire at entry, 52-week and 96-week visits. Diet is the main source of exogenous phosphate, and dietary phosphate restriction is recommended in treatment algorithms prior to initiation of phosphate binder therapy.
1
Bone mineral density Bone mineral density (BMD) is also being determined from the aortic CT images at baseline and at 96 weeks. 36 Due to the complexity of CKD-MBD and lack of evidencebased treatment to manage renal bone disease, BMD as determined by dual-energy X-ray absorptiometry has not been utilised routinely to predict fracture risk or monitor therapy. Low BMD, as a marker of osteoporosis and renal Locally tested laboratory assessments
Full blood count X X X X X X X X X Biochemistry, renal and liver function tests
Open access osteodystrophy, however, is a considerable component of CKD-MBD and recent prospective trials have reported that low BMD of the femoral neck and total hip in predialysis CKD patients is associated with increased fracture rates. 37 Improvement in BMD has been reported with the use of phosphate binders in contrast to placebo 21 and therefore BMD is an important additional outcome for the IMPROVE-CKD study.
statistical considerations Sample size
The study is designed to detect a clinically meaningful difference of 1 m/s in PWV between the study groups at 96 weeks. Assuming a within group SD of 2.9 m/s, a sample size of 356 patients would detect a 1 m/s difference in PWV at the 5% significance level with 90% statistical power. To account for an estimated 10% study withdrawal rate and 10% non-adherence rate, recruitment of 488 participants is anticipated to be required. No allowance was made for drop-ins, given there is no provision for lanthanum carbonate to be accessed in the predialysis CKD population in Australia, New Zealand and Malaysia.
Analysis
Outcome data from all randomised participants will be analysed according to the intention-to-treat principle. The effect of lanthanum carbonate on PWV at 96 weeks will be estimated using analysis of covariance (ANCOVA) to adjust for baseline PWV values. Subgroup analyses will be performed according to CKD stage (3b vs 4), age groups (<60 years, ≥60 years), the presence of diabetes mellitus and levels of serum phosphate (quartiles) by examining treatment by subgroup interactions in linear regression models. Differences in other continuous variables between the lanthanum and placebo groups will be analysed by ANCOVA adjusting for baseline measurements. Differences in the percentage change in Agatston scores between the study arms are not expected to be normally distributed and will be analysed using the Wilcoxon rank sum test. Differences between treatment groups on other categorical variables will be analysed using Χ 2 tests.
Patient and public involvement
Patients and the public were not initially involved in the development of this study protocol. However, there was a consumer representative on the AKTN Scientific Committee which reviewed the protocol, provided input and approved the study before it commenced recruitment.
Ethics and dissemination
This study is being conducted in accordance with the Declaration of Helsinki, the National Health and Medical Research Committee (NHMRC) statement on Human Experimentation, Joint NHMRC/AVCC statement and Guidelines on Practical Research, applicable International Conference on Harmonisation (ICH) guidelines and the Therapeutic Goods Administration. Results of the IMPROVE-CKD study, including exploratory outcomes, will be disseminated through publications in international peer-reviewed journals and presentations at local, national and international scientific conferences. Results will also be disseminated to all study participants in the form of a clear and detailed description of the outcomes, which will be specifically consumer-focused.
dIsCussIOn A recent systematic review and meta-analysis which evaluated evidence for correlation between the effects of CKD-MBD medications, such as phosphate binders, on biochemical parameters as well as on patient-level end-points of cardiovascular disease and mortality in patients with CKD (28 studies, 6999 participants), reported that effects on serum phosphate levels were weakly and imprecisely correlated with all-cause and cardiovascular death. 38 The authors of this meta-analysis concluded that, as existing data did not exclude a mortality benefit with treatment, trials are needed to address patient-centred outcomes to evaluate drug effectiveness in CKD-MBD. 38 Another recent network meta-analysis of 77 RCTs that assessed the effects of different phosphate binders on mortality, cardiovascular disease and biochemical parameters (involving 12 562 CKD patients), reported no evidence that any class of phosphate binder lowered mortality or cardiovascular events when compared with placebo. 39 The vast majority of studies however involved dialysis patients (62 trials, 11 009 patients) and most trials were generally of short duration (median 6 months) with high risks of bias. Again, these studies highlight the need for further RCTs involving phosphate lowering in patients with CKD not on dialysis, with longer duration of intervention and assessment of outcomes beyond changes in biochemical parameters of CKD-MBD.
The IMPROVE-CKD study, an international, multicentre RCT, plans to determine if lanthanum carbonate compared with placebo will improve or attenuate arterial compliance and reduce the progression of aortic calcification in patients with CKD. Reduced arterial compliance and increased vascular calcification are significant issues for patients with CKD, by contributing to their greater cardiovascular morbidity and mortality. At present, there are no treatment options that are proven to improve arterial stiffness or reduce vascular calcification for patients with CKD-MBD, and the cautious recommendations of international clinical guidelines reflects this lack of evidence. The IMPROVE-CKD study will provide evidence for or against the value of the phosphate binder lanthanum carbonate to affect the rate of change of aortic PWV and aortic calcification. Should this study not achieve a separation in serum phosphate values between the two arms of the trial, any differences in outcomes may reflect differences in FGF-23. FGF-23 levels at 96 weeks might be expected to differ between study arms, because FGF-23 is reported to fall with lanthanum carbonate therapy; although this relationship has not been demonstrated consistently. 40 
41
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A recent open-labelled clinical trial randomised 120 patients with CKD stages 3-4 (and serum phosphate >1.47 mmol/L [4.6 mg/dL]) to either lanthanum carbonate, calcium acetate or dietary phosphate restriction for 12 months. 42 For the 102 patients who completed the trial, assessment of biochemical parameters, including FGF-23, as well as vascular parameters of coronary artery calcification, PWV and endothelial dysfunction (as measured by reactive hyperemia index), demonstrated no difference in change of any outcome from baseline to 12 months between the three study arms, except for PTH which was suppressed more in those on calcium-based phosphate binders. Overall, there was also a mild reduction in bone-specific alkaline phosphatase between baseline and 12 months when results from all measures to reduce phosphate absorption were combined, which may potentially suggest improved bone turnover with phosphate lowering. This study however raises further concerns about the lack of proven benefits of phosphate-lowering therapy in the non-dialysis CKD population.
There is a growing understanding of circadian rhythm and the variability in relation to serum phosphate levels, with recent appreciation for the contribution of the nicotinamide phosphoribosyltransferase (Nampt)/nicotinamide adenine dinucleotide (NAD) system to the regulation of sodium-phosphate cotransporters. Nampt is a regulator of the intracellular NAD pool and this pathway is involved in renal and intestinal expression of sodium-dependent phosphate transporters. 43 One of the potential reasons for the commonly observed heterogeneity in response to phosphate binders may be due to interindividual variability in transcellular phosphate movement. 44 Circadian variation in serum phosphate may not be regulated by hormones but determined by the Nampt/NAD system, which affects cellular shifts and renal and intestinal phosphate transport; and the time of day serum phosphate is measured may be critical to determining treatment effect with interventions directed at regulating serum phosphate. Morning serum phosphate is now considered less helpful when assessing any change from interventions, with the best time to detect a difference in the afternoon. One crossover feeding study in patients with CKD reported the circadian pattern of serum phosphate with the lowest concentrations at 0800 hours and highest at 1600. 45 Therefore, the effect of lanthanum carbonate on serum phosphate levels may or may not indicate a treatment effect; however, this contributes to the rationale for why the IMPROVE-CKD study is assessing outcome measures other than serum phosphate to assess efficacy, and these other measures will more accurately reflect the impact of modifying phosphate homeostasis.
Clinical implications of the study
If the use of lanthanum carbonate in the IMPROVE-CKD study has a beneficial effect on surrogates for cardiovascular disease, this will provide support for the current hypothesis that phosphate binders and control of hyperphosphatemia may mitigate adverse cardiovascular outcomes in patients with CKD. Although a larger trial would be required to demonstrate a benefit on mortality, the use of surrogate cardiovascular outcomes should provide clinicians with improved evidence regarding treatment strategies. Importantly, this study using lanthanum carbonate, a non-calcium-based phosphate binder, allows for a more accurate assessment of the effect of phosphate binding strategies on vascular calcification, without the complication of an exogenous calcium load. This may provide evidence for the role of non-calcium-based binders in the predialysis CKD population, and help inform CKD-MBD guidelines that currently lack strong evidence for phosphate control in CKD stages 3-5. In addition, the IMPROVE-CKD study will provide valuable information regarding the relationship between phosphate, FGF-23, arterial compliance and calcification in patients with CKD.
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